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OVERVIEW 


GROUND BASED PREFLIGHT STUDIES AT UTMB RELATED TO COSMOS FLIGHT 2229 
(BION 10) 

11/1/92-8/22/92 

• Established stereotaxic coordinates for medial vestibular nucleus, abducens 
nucleus and vestibular nerve then redesigned the head ring platform and 
microelectrodes to permit recordings from these deep neural structures. 

• Completed development of surgical procedures to chronically implant 
orthodromic stimulation electrodes. Implanted two control rhesus monkevs at 
UTMB 

• Completed evaluation of eye movement measurement using ISCAN. Installed 
the ISCAN camera on the multi-axis rotator 

• Completed development of a system to permit active and passive head motion 
testing. Installed components on the multi-axis rotator. 

• Participated in the development of the flight amplifier used to process neural 
signals during space flight. 

• Evaluated several technologies used to produce a multiple microelectrode array. 
Developed and tested thin microelectrodes that were implanted as a bundle 
multiple microelectrode array in several flight candidates. 

• Continued to develop computer programs in anticipation of recording from 
rectifying neurons (vestibular nuclei neurons). 


GROUND BASED PREFLIGHT STUDIES AT THE INSTITUTE OF BIOMEDICAL PROBLEMS 
(IBP) IN MOSCOW RELATED TO COSMOS FLIGHT 2229 (BION 10) 

8/22/92 - 9/6/92 

• J. David Dickman (JDD), Ph.D. and Manning J. Correia (MJC), Ph.D. implanted 
microelectrode guide tube carrier platforms stereotaxically in 12 monkey flight 
candidates. 

8/29/92 - 9/13/92 

• Adrian A. Perachio (AAP), Ph.D., Denise Helwig and Samantha Edmonds 
implanted orthodromic stimulating electrodes in the bony labyrinths of 7 monkey 
flight candidates. 

9/29/92 - 10/4/92 

• AAP and JDD implanted 5 flight monkey candidates with orthodromic stimulating 
electrodes. 

10/3/92 - 10/29/92 

• MJC x-rayed all 12 flight candidates. MJC, AAP and JDD conducted 
electrophysiological studies to determine the stereotaxic coordinates of the 
vestibular nerve, the medial vestibular nucleus and the abducens nucleus 

11/11/92-11/21/92 
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11/29/92 - 12/12/92 


Studies were carried out to obtain preflight data from each of the flight monkey 
candidates. Recordings were obtained from monkeys 803, 775,151, 907, 1401, 
and 856. From these monkeys, recordings were obtained from 35 horizontal 
canal afferents, 8 medial vestibular nucleus type II neurons, 8 medial vestibular 
nucleus type I neurons, 3 untyped medial vestibular nucleus neurons and one 
vertical medial vestibular nucleus neuron. 


Indwelling microelectrodes were implanted 
candidates. 


in several of the leading flight 


GROIJNO BASED PREFLIGHT STUDIES AT THE INSTITUTE OF BIOMEDICAL PROBLFM* 
(IBP) REMOTE FACILITY IN PLESETZ RELATED TO FLIGHT 222S (BION 10) “ S 


12/18/92 - 12/23/92 


Indwelling flight microelectrodes were implanted by JDD and AAP in other flight 
belovsf 3 6S The l0Cati0n and number of Implants are summarized in the table 



Flight Candidate Microelectrode Implants (Dec. 1992) 

Monkey 


Location 



Nerve 

Nuclei 

Cerebellum 

803 

907 

151 

multiple electrode (3) 
single electrode (1) 
sinole electrode rn 

multiple electrode (2) 
single electrode (1) 

cinnla alor>4 mW nr>/4\ 

single electrode (1) 
single electrode (1) 

775 

906 

892 

single electrode (1) 
single electrode (1) 
multiple electrode (2) 

oinyic? ulcCirOQ6S(4) 

single electrode (1) 
single electrodes(6) 
multiple electrode (3) 
single electrodes(2) 

none j 

none 

single electrode (1) 
single electrode (1) 

476 

none 

single electrodes(3) 

single electrode (1) 


INFLIGHT STUDIES RELATED TO COSMOS FLIGHT 2229 (BION 10) 


12/26/92 - 12/23/92 

Studies were carried out in which recordings were made from the vestibular 
nerve and the vestibular nuclei in the two cosmonaut monkeys, 151 and 906. 


?™. ND BASED postflig HT STUDIES AT THE INSTITUTE OF BIOMEDICAL 
PROBLEMS (IBP) IN MOSCOW RELATED TO COSMOS FLIGHT 222 9 (BION 10) 


1/5/92 - 1/23/93 


Synchronous control studies were made on flight candidate monkeys 803 & 907 
Recordings were obtained from 11 horizontal canal afferents from these 
monkeys (See Appendix 1). 
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Postflight studies were carried out in which recordings were made from the 
vestibular nerve of the two cosmonaut monkeys, 151 and 906 as well as the 
vestibular nerve and vestibular nucleus of control monkeys 803 907 1401 892 

1} - Recovery was on 1/10/93 - First recordings were made on: 
1/11/93-13 horizontal afferents recorded from monkey 906 and 5 afferents 
recorded from monkey 151; 1/12/93-5 afferents recorded from monkey 906 and 
13 afferents recorded from monkey 151; 1/14/93-2 afferents recorded from 
monkey 906 and 10 afferents recorded from monkey 151; and on 1/21/93-10 
afferents recorded from monkey 906 and 0 afferents recorded from monkey 151. 
During postflight tests on the control monkeys listed above, 12 horizontal canai 
afferents and 6 medial vestibular nucleus type I neurons were studied 


1/23/93 - 1/27/93 

• Laboratory packed with the exception of the monkey multi-axis rotator. 

5/3/93 - 5/7/93 

• The monkey multi-axis rotator was disassembled, reassembled and packed for 
shipment to UTMB. 


1/23/93 - 1 1/14/93 

Derived usable data from preflight , post flight and synchronous control tests. 
The results of those analyses are summarized in Tables 1-31 on pages T1-T12 

in Appendix 2. Graphical summary of these data are presented throughout the 
text that follows. 


Presentations, abstracts and publications 

1. Correia, M.J.; Perachio A.A.; Dickman, J.D. and Kozlovskaya, I.B. Sensitivity changes in 
semicircular canals following microgravity. World Space Congress , F1.2-M.1.02, p. 541, 1992 

nnn C hnman M J ' : Perach, °- A A ; Dickman, J.D. The effects of space flight on the inner ear of 
Research p 1^1993 E h Amual Houston Conference on Biomedical Engineering 


3. Correia, M. J., Dickman, J. D„ Perachio, A. A„ Kozlovskaya, I.B. and Sirota, 
responses of horizontal semicircular canal afferents to pulse rotations 
symposium, Ames Research Center, 1993. ’ 


M. G. Post-flight 
Cosmos 2229 


ABSTRACT 

During the past year, pre-, in- and postflight studies were conducted in association with the Axon 

f P r^f?/fi 0 h B,0n 1 t ° 1 (Cosmos 2229 > Recordings were made during pre- and postflight studies 
from 118 honzontal semicircular canal afferents and 27 vestibular nucleus neurons in 7 rhesus 
monkeys; 137 pulse rotation protocols alone were executed (548 acceleration and deceleration 
responses were curve fit). Usable data was obtained from 127 horizontal afferents conceminq 
their spontaneous discharge. Curve fits and analysis was made of sinusoidal and sum of 
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sinusoidal responses from 42 and 35 horizontal afferemts, respectively. Also recordings were 
made from neurons inflight from the two flight animals. The mean spontaneous rate varied from 
128 spikes/sec. during preflight to 92 spikes/sec during postflight (day 5) - a change of 28% In 
direct contrast to the results of Cosmos 2044, the best fitted neural adaptation operator (k) and 
the gain of the pulse response were decreased during post flight when compared to preflight, 
surprisingly, the best fitted gain and k values for the sum of sines were slightly elevated during 
post flight tests. The gain and phase of single sine responses were compared for pre- and post 
flight tests and compared to a larger population of afferents (Miles and Braitman, 1980). In 
contrast to Cosmos 2044 results where on the first day of post flight testing the gains of the best 
fitted sine response were skewed toward the higher values of the Miles and Braitman distribution 
the gain of the best fitted sine responses during the first day of post flight testing (day 2) during 
Cosmos 2229 were exactly on the mode of the Miles and Braitman distribution. Thus, at least for 
the penodic stimuli, (pulses and sine waves) we found no change in gain and neural adaptation 
dunng post flight testing following Cosmos 2229. This conclusion is different from the one 
denved following the Cosmos 2044 flight (Correia et. al.. 1992). Cosmos flight 2229 differed 
from Cosmos flight 2044 in several significant ways: For example, during preflight, (1) The 
animals preflight training was different (less well trained on the gaze task) and (2) the animals 
were exposed to more experimental manipulations (surgical and rotational). Inflight, (1) the 
animals were required to make a pointing gesture (motor response) in association with eye 
movements to obtain reward, (2) the inflight diet was different (more balanced), (3) the feeder for 
one of the animals clogged following 9 days of flight resulting in evident dehydration and 
probably less head motion exposure in that monkey and (4) there was limited video taping of the 
monkeys in space. Dunng postflight, (1) we were unable to test the flight animals until 26 hours 
postflight as compared to 14.5 hours during Cosmos 2044, (2) the animals received significantly 
more exposure to motion stimuli during postflight testing than during Cosmos 2044. These 
differences in the vestibular environment will require analysis of several parameters other than 
just neural and eye movement responses. For example, computer programs will have to be 
wntten and used to recover and quantitate the number of head movements made by each 

animal dunng flight. This activity is critical to the production of neural adaptation and increased 
gam. 


METHODS AND RESULTS 


Differences from Cosmos 2044 (Correia et al. 1992) 

A summary of the neural recordings and stimulation protocols carried out on five control and 
two flight monkeys during preflight and postflight tests associated with Cosmos Flight 2229 
are presented in Appendix 1. Because of time restrictions, two types of neurons were 
studied in association with this flight. These two types of neurons were horizontal (lateral) 
semicircular canal afferents and type I or type II vestibular nuclei neurons found in the 
medial vestibular nucleus. Rotation protocols used for study of the horizontal semicircular 
canal afferents where similar to those used during Cosmos Flight 2044 (Correia et al 1992) 
except that the number of protocols were abbreviated to include: test of spontaneous 
discharge, pulse rotation test, sum of signs tests (bandwidth from 0.2 hertz to 1.0 hertz) and 
sinewave test (0.2 hertz). Rotation protocols for the vestibular nuclei neurons included- 
spontaneous sinusoidal discharge test, oscillations at 0.2 hertz. 0.5 hertz, 1.0 hertz; a pulse 
of constant velocity of 60 degrees per second and a sum of sines stimulus covering the band 
width from 0.02 hertz to 1 .0 hertz. 


Neurons m the vestibular nuclei and semicircular canal afferents were identified and 
functionally characterized by their responses to natural vestibular stimulation and to electrical 
stimulation of the vestibular nerve. The technique for the latter test required that a method be 
developed for chronic implantation of electrodes for stimulation across the bony labyrinth of 
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JJSJ SU ! m0nkeys - ln a sin 9 ,e monkey, the implantation technique used by Broussard et al 
(1992) was attempted. This technique requires dissection through the mastoid Le toSe he 

Smln? T rCUla / CanaL An 0pening is made in the canal wall near the ampSae^or the 
placement of one of a pair of stimulating electrodes. The reference electrode is placed near the 

° f tbe ear c 3 " 31 - The technique also involves exposure of the dura overlying the 
- |. p of * he dorsal paraflocculus. The technique was judge to be too difficult for our 

thp P ™ tl0n a ? dcamed the added risk that vertical canal function might be compromised during 
° f H the ent ' re Pr0jeCt ' Dr Lisber9er informed us that cathodal stimulation such as 
implanted Snal'" ° W S ' Ud ' eS ' m ' 8ht lead 10 bone » row,h a " d 10 ,he occlusion of Ihe 

rnwhaJ h Moo^w aCl ' T fina ' ly used W8S deri ''« d 'rom a method reported by Minor and 
■ for 9 alvan,c stimulation of the squirrel monkey labyrinth This involves a 

° f a f OQIO olectrede into a hole drilled into the promontory near the rorj 
e tip of the electrode seals an opening made into the perilymphatic space The piertrnrio 
?Omm S ° f 3 plat * num p,ated - teflon insulated silver wire (250 micron uncoated diameter) with a 

reference electrode is of similar material but with a longer tip exposure 
zygomatic areh * P * B08d int ° 3 h °' e dri " ed deep int0 the P° sterior attachment* the 

_* 1 itmb ur9ery was P ertbmied under general anesthesia and sterile conditions In our facilities 
?he™^ a We successfully implanted three rhesus monkeys, two unilaterally and one bilateral^ 

tissue ^ mp nC p U I ar ,nC T n W3 !- m3de 8nd th ® p,atyzma divided - The remaining underlying soft 
™ !■ th ® ar T canal was d| ssected to expose the external bony auditory meatus and the 

zygomatic arch. Two self-tapping, stainless steel screws were placed near the ear canal into the 
panetal bone, dorsal to the parietal-occipital ridge. The soft tissue was carefully dissected alono 
the postenor wall of the meatus to level of the annulus. The tympanic m^nTI^S 

lldpm^ and pos ! enorly t0 9 ain entrance to the middle ear. In immature rhesus monkeys the 

annma h m ? atUS ' S S ° onented 3S to allow direct visualization of the round window via this 
approach In more mature animals, the canal is rotated forward relative to the basal skull thus 
obscunng the prommtory and the long process of the malleus, requiring further diSon 

♦hp ° f theround window in mature rhesus monkeys is achieved by drilling awav 

the deepest most posterior wall of the external auditory meatus. This is best achieved with a 

rr r ed dri " s ° as to minimize danger to ss- sr 

■ . n a senes of eleven unilaterally implanted rhesus monkeys, facial nerve damaae 
occurred in only one animal. Following further exposure, the long process of the malleus and the 

2? IT* TH V ! SUa, ! Zed - The Site 0f implantation of the stimulating ele^rfs ^or to 
ma eus The fac,al nerve ,s displaced rostrally to protect it during implantation The ossicles 
are not this disarticulated. The surface of the promontory is scraped to remoTlhe Si 

!!J ^ inned * ltha diam ond tipped round bur. A hole is then drilled in the center of th? resulting 

?suS electrod ® bp is ! nserted - “^ed firmly at the shoulder formed by the teflon 

insulation The wire is pushed against the posterior wall of the meatus and formed aoainst the 
drilled surface The external portion of the wire is wound around one of the skull screws and 
cemented to it with dental acrylic. The reference electrode is placed into the hole in the 
zygomahc arch, wound around the second screw and cemented in place. The two leads are then 

neS? U Th erthe !f mp ? raliS muSde and exleri0ri2ed a ‘ the head restraint imZt^th a ci?e 

m*?n a . T i e r? d ,S C n layers with absorbable suture and the skin closed with silk suture 
matenal. Antibiotics are routinely administered perioperatively. 

The animals implanted in Moscow generally recovered from surgery with no seouelae 
One monkey, that was diagnosed as having meningitis at the time of surgery! was found to have 
a posrtional nystagmus postoperatively. Since this animal was tested SlTduriw Te 
postoperative penod, it was not possible to definitively assess the relationship of Ihose 
lothe l!" p,ant - Another monkey was reported to have an ipsilateral head Sit andwas 
a ^* aly a * axi ®. Those symptoms resolved quickly. No vestibulo-ocular abnormalitieswere 
reported by other investigators in that animal. Afferent activity and vestibular nuclear resoonses 
were comparable to those of the remaining animals. responses 
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Entrained afferent action potentials 
Spontaneously occuring action potential 

\ 




0.2 mV 



0.2 msec. 


t y Ure . 1 ' Entrained action potentiate from a horizontal semicircular canal afferent Th, nHU a 


Si—SSr K 

3r«SK«*a~2^H5s 

nonlinear curve fitting techniques, ore mMel ms^'^adaa^/mMer analysis ‘ usin9 
responses are denoted by *** in the Tables in ADDendi* ? if »L„ * , rejected - These 

compare the parameters. This will be the nett Id hZTJ T ab 'V° statistical| V 
JET have bee " COmple,ed and ,he V - Appendix 2 2CS 
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It should be noted that in all the figures that follow and in the tables in Appendix 2 that 
during Cosmos 2229 during Post-flight days 6 and 7 only control animals were tested.. 

Figure 2 presents mean gain values derived from best fitted responses to pulse 
stimulation. The numbers in the bars represent the number of afferents that comprise the mean. 
It can be seen that in contrast to Cosmos 2044 the postflight mean gains are depressed relative 
to preflight, synchronous and postflight controls (Post-Flight day 6). 


Mean Gain Values for Cosmos 2044 and 2229 


Gain 




O Cosmos 2229 

/ Ar-X^ mim I I Is 


Proflight Synch i 
Control 


9 • 7 * • 10 11 


Post-Flight Day 


Figure 2. Mean Gain values for pulse responses of horizontal afferents during Cosmos 2044 and 
2229. 


As with the mean gain values, the parameter that represents the degree of neural 
adaptation (k), plotted in Figure 3 is depressed on postflight days 2, 3, and 5 when compared to 
preflight and postflight controls and when compared to comparable test days following Cosmos 
flight 2044. 


Mean K Values for Cosmos 2044 and 2229 


K 01 



Prwflight Synch 1 
Control 


Post-Flight Day 


Figure 3. Mean neural adaptation (k) values for pulse responses of horizontal afferents during 
Cosmos 2044 and 2229. * 

Again in contrast to the results derived from the postflight data following Cosmos 2044, 
the mean long time constant of the semicircular canal deduced from best fitted functions of the 
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?nmL hiS L°* 9ram !, esp0nse and shown plotted in F '9 ure - 4 - lengthened in the flight animals when 
compared to prefhght, synchronous controls and postflight controls (post-flight day 6). 


Mean Tau Values for Cosmos 2044 and 2229 


TAU 


□ 


Cosmos 2229 



Figure 4. Mean Tau (deduced long time constant of the semicircular canal) values for pulse 
responses of horizontal afferents during Cosmos 2044 and 2229. 


Like the data following Cosmos 2044, the mean baseline of the frequency of firina 
between pulses (DC level), plotted in Figure 5, was not much different during post-flight testinq 
when compared to control responses. The mean responses differed from 125 spikes/sec to 95 

1 5 ® c ‘ These values faN around ,he mean firip 9 rate determined by other investigators (e q 
-100 spikes/sec. Miles and Braitman, 1981). 10 


Mean DC Values for Cosmos 2044 and 2229 



Figure 5. Mean spontaneous values (DC level) obtained as an asymptotic response following pulse 
rotations during Cosmos 2044 and 2229. 

The mean spontaneous firing rate, plotted in Figure 6 was obtained from interspike 
interval histograms of spontaneous discharge prior to the first pulse rotation. The mean values 
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S?CS? ,,,e pos| -' li8hl ,eslln9 but llke Ihe mea " ,eve * 


values, the firing rate 


Mean Spon. Firing Frequency Values for Cosmos 2044 and 2220 



Post-Flight Day 


Co S ”T2M4 MSS"""’ 8 ’ ' ‘ ' Sp0n,!U,e0 “ sl > , di “‘“nP«S boriar.t.1 


afferents 


appendix^ ra SStaSoS *"? '° r a " ■"»«" Table 8 in 

ranged from 0.09 to 01™ The is e mean CV of he 2E 'T MCb da * <pl0 “ ed in F*™ 7) 
as regularly firing after the distnbul on ^ Cla ? Si,ied 

dunngfiight 2j29 were almost Identical In .be rgtTmOigmsSa ^ ° Ur reSU " S 


Mean Coefficient of Variation (CV) Values for Cosmos 2044 and 2229 


CV 



0 15 


0.05 


Plight Synch 1 2 3 A 

Control Si; f I 


Post-Flight Day 


cZllnT^r' Van " i0n horizontal 


afferent* during 
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The best fitted parameters plotted in Figures 1-5 were derived from the equation: 

t 

r(t) = (G/t k )[y’*(-k,-t/T L )e' t / T L] + DC; where y*(a,t) = ((r a /T(a))Jx a-1 e" x dx (1) 

0 

and y*(a,t) is the incomplete gamma function (which is single-valued and finite in terms of a and 
t), G = gain, k = across frequency adaptation, xj_ (TAU) = cupula long time constant and DC = 
non stimulated (spontaneous) firing rate (Correia et al., 1981). 


The Laplace transform of Eq. 1 with a term (xys +1), representing the response to cupula 
velocity at higher frequencies (Fernandez and Goldberg, 1971), is a transfer function of the form 

H(s) = Gs k+1 (T v +l)(T I +l)- 1 (2) 

where G= the frequency independent gain ; k = the across frequency adaptation operator; 
s=1+jco; © = 27tf; x v = velocity time constant and tl = the long time constant of the semicircular 
canals. In the next 3 figures the parameters k, Xy and xl are presented. These parameters 
represent best fitted values of Eq. 2 to a sum of sines frequency response. 


Sum of Sines 

Mean Gain Values for Cosmos 2044 and 2229 



Figure 8. Mean best fitted values of G (frequency independent gain term) of cycle histogram 
response to sum of sines by horizontal afferents during Cosmos 2044 and 2229. 


It is interesting that the frequency domain equivalent of the pulse response produces an 
increase in gain during post flight days 2, 3, and 5 relative to the pre- and post flight controls . 
The sum of sines differs from the pulse in that most of the frequency content is below 0.4 Hz and 
the sum of sines is an unpredictable stimulus. 

In Figure 9 (below) it can be noted that while the mean value of k increases on the 
second post flight day, the increase is not nearly as dramatic as noted during Cosmos 2044 
(black bars) 
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Sum of Sines 

Mean K Values for Cosmos 2044 and 2229 


CD Cosmos 2229 



Figure 9. Mean best fitted values of K (across frequency neural adaptation operator) of cycle 
histogram response to sum of sines by horizontal afferents during Cosmos 2044 and 2229. 

There does not appear to be a systematic change in the mean best fitted parameter 
t v . shown plotted in Figure 10 below. 


Sum of Sines 

Mean Tau(V) Values for Cosmos 2044 and 2229 


tau (v) 



Prsflight Synch 
Control 


4 9 6 

Post-Flight Day 



Figure 10. Mean best fitted values of t v (across frequency neural adaptation operator) of cycle 
histogram response to sum of sines by horizontal afferents during Cosmos 2044 and 2229. 

During the first day of post-flight testing during Cosmos 2044, the long time constant of the 
semicircular canal decreased as indicated by the black bars. During the first post-flight day of 
Cosmos 2229, the parameter T[_increased. 
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Sum of Sines 

Mean Tau(L) Values for Cosmos 2044 and 2229 



Figure 11. Mean best fitted values of t l (semicircular canal long time constant operator) of cycle 
histogram response to sum of sines by horizontal afferents during Cosmos 2044 and 2229. 


, ™ e next 2 three dimensj onal bar histograms display gain values calculated from the 
best fitted sine function to the cycle histogram of the afferent response to a sinusoidal yaw 
rotation of 307sec. amplitude and 0.2 Hz frequency. As a reference, the histogram of gains from 
Miles and Braitman (1980) sinusoidal response to 0.2 Hz are presented. Presented in Figure 12 
are the gams for the control monkeys during both Cosmos 2044 and 222 9 It can be seen, for 
example that the distribution of gains from post -flight controls in Cosmos 2229 are similar to 
those published by Miles and Braitman (1980). 



Figure 12. A three dimensional histogram of sinusoidal gains from control monkeys during testing 
associated with Cosmos 2044 and Cosmos 2229. The data of Miles and Braitman (1980) are 
presented for comparison. 


Figure 1 3 presents the same type plot but post-flight data from different days during 
Cosmos 2044 and 2229 are presented. The striking difference between the gains during 
Cosmos 2044 and 2229 can be observed by comparing post-flight day 1 - Cosmos 2044 and 
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Se??Ild d onho'M? SmOS H 2 B 29 ; Durin9 C0Sm0S 2044 ’ the gain va,ues are ^ewed toward the 
higher end of the Miles and Braitman distribution; during the first post - flight test day (day 2) 

the va,ues are directly in ,ine with the central tendency 



Figure 13. A three dimensional histogram of sinusoidal 
testing associated with Cosmos 2044 and Cosmos 2229. 
presented for comparison. 


gains from flight monkeys during post-flight 
The data of Miles and Braitman (1980) are 


DISCUSSION 


co " trast to cosmos 2044 results (Correia et al., 1992) where on the first day of post 
flight testing the gains of the best fitted pulse, sine and sum of sine response were skewed 
toward the higher values of the Miles and Braitman (1980) distribution, the gain of the best fitted 
!!"f an V“' Se res P° nses durin 9 the day of post flight testing (post-flight day 2) during 
i IT 8 ?u 29 Wer ® exact,y on the mode of the Miles and Braitman (1980) distribution Thus at 
flinM (oL n 6 POHorjio stimuli, (pulses and sine waves) we found no change in gain during post 
flight testing following Cosmos 2229. Moreover, during post-flight day 1 during Cosmos 2044 we 
found an increased level of neural adaptation as reflected by an increased mean k value After 
issuing the caveat that we only sampled a small number of afferents, we (Correia et al ’ 1992) 
suggested the increased gain could result from some non-vestibular factor secondary to 
spaceflight such as stress or changes in body calcium levels or some vestibular factor such as a 
strategy to obtain reward without having to make large head movements by increasing the 
semicircular canal gam. This latter speculation is predicated on the assumption that the 
monkeys dunng spaceflight make numerous head movements. Increase in neural adaptation 
would also logically follow from numerous head movements. Also, increased gain increased k 
and irregular finng are correlated in semicircular canal afferents. Thus, we could have simply 
sampled a population of neurons with high G and k. But. most of the units we sampled were 
regularly finng. Analysis of the mean sinusoidal gain data from Cosmos 2229 (summarized in 
Figure 13), indicated that relative to post-flight controls, the gain and k values were depressed 
but relative to the data of Miles and Braitman (1980), the values were on the mean of their 
distnbution. Future statistical comparisons will be necessary to determine if the mean gain and k 
values from flight 2229 and those of flight 2044 and those of Miles and Braitman (1980) are from 

l h rf„f° me P° pulation The 9 ain and Particularly the neural adaptation observed during Cosmos 
2044 was dramatic and showed a reversible trend with time following recovery Why could these 
data be different from those of flight 2044? Cosmos flight 2229 differed from Cosmos flight 2044 
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in several significant ways: First, different monkeys were flight monkeys. Although during both 
flights the microgravity exposure was similar, several differences existed. For example, during 
preflight (1) The animals' preflight training was different (the animals were less well trained on 
the gaze task) and (2) the animals were exposed to more experimental manipulations (surgical 
and rotational) and in flight 2229 the animals carried an indwelling electrode in one labyrinth. 
Inflight, (1) the animals were required to make a pointing gesture (motor response) in association 
with eye movements to obtain reward, (2) the inflight diet was different (more balanced), (3) the 
feeder for one of the animals clogged following 9 days of flight resulting in evident dehydration 
and probably less head motion exposure in that monkey and (4) there was limited video taping of 
the monkeys in space. During postflight, (1) we were unable to test the flight animals until 26 
hours postflight as compared to 14.5 hours during Cosmos 2044, (2) in the intervening interval 
between recovery and testing, and on subsequent post-flight days, the animals received 
significantly more exposure to linear and angular motion stimuli than during Cosmos 2044. 

Since gravity acts primarily on the otolith organs, It was a surprise that the gain and neural 
adaptation of the semicircular canals was increased following microgravity during Cosmos 2044. 

It may ultimately turn out that with a large sample of afferent data that gain and adaptation may 
not change. However, to fairly compare the results, we must prove that the angular head motion 
environment in flight was the same for Cosmos 2044 and 2229. To accurately compare the 
angular head motion environment will require analysis of several parameters other than just 
neural and eye movement responses. For example, it must be determined that during Cosmos 
flight 2229 that both monkeys made as many head movements during the gaze test as their 
counterparts during Cosmos flight 2044. The number of head movements made by each animal 
during both flight must be quantitated. 

One inescapable conclusion that can be drawn from the results presented in Appendix 3 is that 
the afferent response of the semicircular canals was statistically significantly different following 
microgravity. In one case (Cosmos 2044), the gain was increased and in the other case 
(Cosmos 2229) it was decreased. However, in both cases the gain was statistically significantly 
DIFFERENT from the preflight/synchronous controls. 
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APPENDIX 1 


A summary of the pre- and post flight testing. The Table on pages T1-T7 chronicles the pre and 
post-flight testing of all monkeys. The column type denotes whether the neuron was a lat. 
(horizontal) afferent, a type I or type II vestibular nuclear neuron and whether the neuron could 
be further classified as a pvp type neuron. The location column denotes the anterior - posterior 
and the lateral stereotaxic coordinates of the electrode tract. For example, apOII 0 means 
anterior-posterior 0 and lateral 10 mm from the midline of the skull. The protocol describes the 
test. The terms step and pulse are used interchangeably throughout this report. 
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Summary of individual neurons and experimental conditions observed during pre-and post flight testing 
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Summary of individual neurons and experimental conditions observed during pre-and post flight testing 
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Summary of individual neurons and experimental conditions observed during pre-and post flight testing 
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APPENDIX 2 


The 31 tables on pages T1-T12 summarize data for each of the test procedures. The tables are 
further organized to summarize the responses to each of the test procedures (listed by afferent) 
on each test day such as during the preflight tests, during the synchronous control tests and 
during each of the post-flight test days when data were obtained. At the bottom of each table are 
presented first order summary statistics where appropriate. 
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Pidse Response 
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Pulse Response 
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06c14?9^™ ^^5^^7348^T!o53^T43!5036 ^aJJS^^^TI^TIoSo^^aSOOOO TmSS^^SJTS^^TS^TSs^tSSS 0.5801 8.335 0.0487 139.0760 0.566V 7.0419 043513 141.2898 *0,4523 7.1963 0.0485 137.38351 
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Sum of Sines 
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Sum of Sines 
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mmmm 

3.9601 

0.2358 

3.4753 

0.2636 

64966 

28526 

0.0660 

0.0324 

3.3761 4.96E-04 


N 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 6 


SEM 

0.0686 

0.5190 

2.0063 

0.3317 

00809 

0.3107 

0.0856 

0.4248 

0.2815 

0.0394 

0.0300 

0.3062 3.71E03 


TABLE 20 


tMneumnt • 



00293 

0 0879 

0.2051 



xn 


iB 

;***■*■ 


Ijgttp 



sszta 

mwm 


Em 

eimi <M\ 

L 

07c1501b 




M* 

•M 

M* 



**• 

*** 

*** *** 

t 

07c 1502b 




•** 


M* 


*•* 

•** 

*** 


L 

07C15066 




M* 



*** 

*** 

*** 

444 


L 

07c 1507b 


- 


*** 

M* 

*** 

*** 

*** 

*** 

444 


L 

07c1506t> 




0.7400 

14.1180 

0.7900 13.1880 

2.7421 

0.0523 

0.0040 

3.6669 6.09E-04 

L 

03c1516b 

— 



- 

— 



- 

- 

- 

- - 

L 

03c 1 5 1 fib 

•M 

•M 

*** 444 









m 


Bj&* 




xx ■ 


If*** 

wmm 

M Km 

mtm 

m 


MEAN 

1 0.3900 61.2390 

0.6400 31.1720 

w+r.oi 


0.7900 

13.1660 

2.7421 

“oSsr 

0.0040 

3.6669 6 096-04 


ST. DEV 

0.0000 

0.0000 

00000 0.0000 

0.0000 


0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 0 


N 

1 

1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 1 


SEM 

00000 

0.0000 

00000 0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

00000 0 
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Sum ofSinos 


TABLE 21 

Sum of S*w« Protocol .Po«t«frhtP»r Tff.fWJ toWiwrom ■ 1 



| 0.02W 

0.0879 

02051 



C2 

eraser! 

i 

*•** phw* 


mmmmm 




92c 160 lb 

01c1601b 
01c1602b 
01c 1604b 

3 0700 W O0 10 

5.1600 30.1210 

5.5100 19.4080 

6 4200 20.8810 

0 9620 0.1173 0.0385 5.4995 4 59E-05 

umi 







MEAN 
ST. DEV 
N 

SEM 

3.0700 W.0910 
00000 0.0000 
1 1 
00000 0.0000 

5.1600 30.1210 
00000 0.0000 
1 1 
00000 0.0000 

5.5100 19.4080 
0.0000 0.0000 
1 1 
0.0000 0.0000 

6.4200 20.8610 
0.0000 0.0000 
1 1 
0.0000 0.0000 

09620 0.1173 0 0385 5.4995 4.59E-05 

00000 0.0000 0.0000 0.0000 0 

11111 
00000 0.0000 0.0000 0.0000 0 


TABLE 22 

Sumof&nmm Protocol • Pott FUght Dty 1 1 (1-1143) Mfnurow 8 



; 00293 

00870 

0.2051 



hMB 





IBJ 

B333 




9§§§0§§«i 



D 

06c2101b 

0.1400 73.8120 

HEE] 

IBESg 




0.0590 

0.0718 


R 

06c2102b 

0.4000 37 2170 

05100 

28.5430 

0 6200 23.5580 

0.7000 23.6410 

0.0001 

02140 



R 

06C21046 

0.2300 30 9860 

02700 

14.3720 

0.2900 

8.7490 

0.2900 

7.1110 

2.9420 




R 

06c2105b 

0.4100 33.0500 

0 5300 

21.0970 

0.5800 

17.1940 

0.6200 

15.2290 

0.0001 


0.0134 


R 

06c2106b 

01600 48.9780 

02600 

13.9430 

0.2900 

13.2710 

0.3100 

14.2840 

1.7730 

0.0770 

0.0108 

6.3430 7.156-04 

R 

06c2108b 

* — 


— 

*** 

•M 

•** 


*** 

»** 


*** *** 

R 

06c2109b 

— “ 

— 

— 

**• 

*** 

•** 

•** 

*** 

*** 


«M *** 

R 

06c21 1 1b 

0.2500 32.4000 

03200 

199780 

0.3500 

14.5400 

0.3600 
















hem 



MEAN 

0 2650 42.7405 

03433 

19.5108 

■SEsa 

IM.MM 

ESil 


0.7859 

0.1070 

0.0215 

10.3558 1 22E-04 


ST DEV 

0.1161 16.5762 

0.1453 

5.3267 

01631 

5.5077 

0.1964 

6.0740 

1.2723 

0.0614 

0.0265 

4.3477 2.91E-04 


N 

6 6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 6 


SEM 

0.0568 0.6786 

00635 

03847 

0.0673 

0.3911 

0.0737 

0.4108 

0.1880 

0.0413 

0.0266 

0.3475 2.84E-03 
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Sine Protocol 
0.2051 Hz 


(11-14-92 to 12-9-92) 
















APPENDIX 3 


Histograms comparing the parameters measured for primary afferent activity for Cosmos 
flight 2044 and Cosmos flight 2229. The probability values above each pair of bars result 
from a statistical comparison of adjacent bars - One from flight 2044 and one from flight 
2229. When a histogram is presented for each flight alone, the statistical comparisons 
above each bar is referring to the preflight/synchronous controls values. In addition to the 
histograms, supporting mean data are also included. 
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Pulse Analysis 


Pre-tt/SynchCW 
Day 1-2 
Day 3-4 
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Day 11 



I COSMOS 2044 [ 

DC 

SEM no. unto 

no. 

observation* 


COSMOS 2229 
SEM no. units 
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Pulse Analysis 


All Controls 
Day 1-2 
Day 3-4 
Day 5 
Day 11 
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Pulse Analysis 


All Control* 
Day 1-2 
Day 3-4 
Day 5 
Day 11 



COSMOS 2044 COSMOS 222 9 i 

Statistical Significance 

plot 

order 

no. 

Tau (L) Inc. SEM no. units observations 

no. 

Tau (i) he. SEM no. units observations 

2044 vs. 
2229 

Ctrl. v*. PFDay* 
Cosmos 2044 

Ctrl. vs. PFDay* 
Cosmos 2229 

1 

8.1546 

0.570 

15 

30 

7.2351 

0.337 

29 

49 

0.2843 



2 

7.1331 

0.767 

8 

15 

9.5870 

0.929 

12 

16 

0.069 

0.3602 

*0.0155 

3 

5.5618 

0.715 

4 

7 

10.0820 

0.784 

14 

26 

•*0.0048 

*0.0299 

**0.0031 

4 

8.4872 

2.405 

1 

2 

99398 

1.122 

8 

14 

0.5254 

0.7555 

*0.0158 

5 





9.0181 

0.613 

9 

17 

$%%%%%% 


**0 0057 


Pulse Protocol Mean Tau(L) Increasing Values 

□ Cosmos 2229 ■ Cosmos 2044 


no. units [no. observations] 
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Pulse Response Protocol 
COSMOS 2044 
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Pulse Response 
COSMOS 2229 

TABLE 1 

COSMOS 2229 Pre-Flight (10-17-921 11-14-92 to 12-9-93) number of units: 15 
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0.2051 Hz Sine Protocol Mean Phase Values 
Cosmos 2044 

Controls vs. Post-Flight Days 

no. units [no. observations] 
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0.2051 Hz Sine Protocol Mean Phase Values 
Cosmos 2229 

Controls vs. Post-Flight Days 
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Sine Data - COSMOS 2044 
60 degrees/sec - 0.2051 Hz 


PRE-FUGHT CONTROLS 


Pre-Flight 

515 

gain 

phase 

$592)7/24-01 B 

a92an1b 

0.141 

32.948 

(1^5^2)7/25-05 

a92an5a 

0.195 


(2556)7/26-01 B 

a56an1b 

0.329 

_ 12.541 



(2556)7/26-088 
(2556)7/26-098 
(2556)7/26-1 OB 


0.306 20.198 

bbbMM 

0.916 27.045 

1.872 34.516 

0.804 25.023 


a56an8b 
a56an9b 
a56an10b 
a83an6a 0.994 33!S? 


KJjSc : : 

(782)7^8-01 F 



a82an1f 


|(782)7/28-02B 

a62an2b 

0.559 

24.863 | 


mmmmm 





mean 

0.6554 

23.3989 


st dev 

0.5214 

9.17915 


units 

10 

10 


sem 

0.1649 

2.9027 

POST-FLIGHT DAYS 

PF Day i 

5i5 

gain 

phase 

(782)po1-01 

a82anb01 

2.239 

25.063 

(782)po1-03 

a82anb03 

1.176 

34.621 

(782)po1-05 

a82anc05 

0.434 

11.891 

(782)po1-07 

a82anc07 

1.392 

36.415 

(2483)po1-01 

a83anb01 

0.824 

13.398 

(2483)po1-02 

a83anb02 

0.402 

13.396 

(2483)po1 -05C 

a83an5c 

0.731 

32.392 


mean 

1.0283 

23.8823 


st dev 

0.6449 

10.8771 


units 

7 

7 


sem 

0.2438 

4.11117 


PFbayi 

515 

gain 

phase 

(782)po2-02 

a82anc09 

0.621 

34.486 

(2483)po2-04 

a83an4c 

0.441 

23.328 

(2483)po2-05 

a83an5b 

0.398 

19.979 


mean 

T.4867 

25.931 


st dev 

0.1183 

7.59572 


units 

3 

3 


sem 

0.0683 

4.38539 


Total Days 1, 2 

mean 

0.8658 

24.4969 


st dev 

0.5906 

9.62679 


units 

10 

10 


sem 

0.1868 

3.04426 


PFDayl 

file 

gain 

phase 

(782)po4-01 

a82an1b 

0.84 

34.702 

(782)po4-02 

a82an2c 

0.543 

12.391 

(782)po4-1 1 

a82an11b 

1.515 

32.438 


mean 0.966 

26.5103 


st dev 0.4981 

12.28 


units 

3 

3 


sem 0.2876 

7.08985 


PFDayt 

file 

gain 

phase 

(782)po5-03 

a82an3b 

6.431 

28.023 


mean 

0.431 

28.023 


st dev 

0 

0 


units 

1 

1 


sem 

0 

0 


POST-FLIGHT CONTROLS 


PFCDaye 

file 

gain 

phase 

(2592)po6-03 

a92an3b 

0.313 

10.178 

(774)po6-02 

a74an02c 

0.727 

23.984 

(774)po6-05 

a74an5b 

0.616 

25.997 

(774)po6-06 

a74an6a 

0.195 

6.507 

(774)po6-09 

a74an09b 

0.336 

-0.107 

(774)po6-1 3 

a74an13b 

0.696 

-34.166 

(774)po6-15 

a74an15b 

0.154 

13.15 

(774)po6-1 6 

a74an16b 

0.272 

22.198 


mean 

0.4136 

8.46763 


st dev 

0.23 

19.4804 


units 

8 

8 


sem 

0.0813 

6.88736 


Pfid Day f 

file 

gain 

phase 

(774)po7-01 B 

a74an18b 

0.311 

9.618 

(774)po7-01 D 

a74an18d 

0.347 

9.649 

(774)po7-02 

a74an19b 

0.409 

16.396 

(774)po7-05 

a74an5b 

0.494 

10.832 

(774)po7-06C 

a74an23c 

0.565 

27.103 

(774)po7-07 

a74an7b 

0.475 

13.686 

(2592)po7-01 

a92an1a 

1.345 

13.573 


mean 

0 5637 

14.4081 


st dev 

0.3554 

6.11983 


units 

7 

7 


sem 

0.1343 

2.31308 


TFC DayS 

file 

gain 

phase 

(774)po8-04 

a74an4b 

0.597 

16.057 

(774)po8-1 7 

a74an44b 

0.332 

9.956 


mean 

6.4645 

13.0065 


st dev 

0.1874 

4.31406 


units 

2 

2 


sem 

0.1325 

3.0505 


kost-Flt Ctrl 

mean 

0.4814 

■771577 


st dev 

0.2793 

13.7772 


units 

17 

17 


sem 

0.0677 

3.34146 


All Controls 

mean 

0.5459 

15.8741 


st dev 

0.3866 

13.4373 


units 

27 

27 


sem 

0.0744 

2.58601 
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Sine Protocol - 0.2051 Hz 
COSMOS 2229 


TABLE XX 

Pre-Flight (11-14-92 to 12-9-92) 


ear 

FILENAMES 


Zpha&tti 

L [" 

01o1702d 

0.43 

9.861 

L 

03a 1 401 d 

1.02 

19.215 

L 

03a1402d 

2.26 

25.648 

L 

03a1407d 

0.70 

12.192 

sss* 


mvm-. 





m 

wmmm 



:%wK< 

wW\WWCWKWt<Wi" 


L 

01 a 1 602 d 

0.60 

21.084 

L 

01 al 603d 

0.31 

-16.761 

L 

07a1601d 

1.64 

36.849 

L 

07a 1 602 d 

0.77 

22.399 

L 

07a1610d 

0.36 

10.612 

L 

07a1611d 

0.38 

9.195 

L 

07a 161 2d 

0.57 

12.148 

L 

01a2004d 

1.12 

25.910 

L 

01a2005d 

0.39 

13.176 

L 

01a2006d 

0.81 

24.805 

L 

01 a2007d 

0.73 

22.599 

m^rAmncs] 

.gasm 

phase 


MEAN 

0.81 

16.595 


ST. DEV. 

0.54 

12.079 


N 

15 

15 


SEM 

0.14 

3.12 


TABLE XX 

Synchronous Control 
(1-9-93 to 1-10-93) 


ear 

FILENAME? 

gam phase 

~ 

L 

07c1002d 

07c1003d 

0.31 10.168 

1.09 18.709 

mtSTATISTICS- 


MEAN 
ST. DEV. 
N 

SEM 

0.70 14.439 

0.55 6.039 

2 2 

0.39 4.27 


Pre-FWSynch Ctrl 


Iwwnsncs 


phase 

MEAN 

0.79 

16.34 

ST. DEV. 

0.52 

11.42 

N 

17 

17 

SEM 

0.13 

2.77 


TABLE XX 

Post-Flight Day 2 (1-13-93) 


ear 

FILENAME 

gam 

^phases: 

T 

06c1102d 

"049" 

14.85 

R 

06c1105d 

0.58 

16.44 

R 

06c1106d 

0.34 

11.69 

R 

06c1108d 

0.34 

10.59 

R 

06c1 1 12d 

0.37 

10.74 

R 

51c1 101d 

0.28 

6.80 

R 

51 cl 103d 

0.27 

9.11 


STATISTICS 


0mm 


MEAN 

0.38 

11.746 


ST. DEV. 

0.11 

2.876 


N 

7 

7 


SEM 

0.04 

1.09 


TABLE XX 

Post-Flight Day 3 (1-12-93) 


ear 

FILENAME:: 

gam; 

iiphase* 

~R~ 

51c1206d 

056“ 

14.558 

R 

51c1207d 

0.16 

11.778 

R 

51c1209d 

1.02 

11.140 

R 

51c1210d 

0.71 

21.036 








R 

51c1216d 

0.61 

10.673 

W STATISTICS \ 

g#m 

0mm 


MEAN 

"06l” 

13.837 


ST. DEV. 

0.31 

4.297 


N 

5 

5 


SEM 

0.14 

1.92 


TABLE XX 

Post-Flight Day 5 (1-14-93) 


ear 

FILENAME* 

gam 


Tf 

51c1421d 

0.60 

20.793 

R 

51c1424d 

0.52 

26.910 

R 

51c1425d 

0.35 

21.734 

R 

51c1428d 

0.20 

11.070 

R 

51c1429d 

0.66 

16.458 

R 

06c1420d 

0.34 

18.750 


STATISTICS 

gam 

phase* 


MEAN 

0.45 

19.286 


ST. DEV. 

0.18 

5.332 


N 

6 

6 


SEM 

0.07 

2.18 


TABLE XX 

Post-Flight Day 6 (1-15-93) 
Post-Flight Control 


ear 

FILENAME- 

gain 

xphase 

~L 

03c1516d 

037“ 

25.226 

L 

11: 

07c1501d 

jillilil 

1.42 23.234 

llfoiilafip 

Sfes 

L 

07c1502‘ 

iTiT 

’ 41.766 

| SrA77ST/CS| 

gain 

; phase 


MEAN 

ToT 

30.08 


ST. DEV. 

0.61 

10.17 


N 

3 

3 


SEM 

0.35 

5.87 


TABLE XX 

Post-Flight Day 11 (1-21-93) 


ear 

FILENAME 

gain 

phase i 

1 

R 

(u 

R 

PPMRs 

06c2102d 

mmmm 

•! a •! v<< •»!«• ! 

06c2104d 

0.61 24.403 

0.28 9^252 

mmrATtsrtcs:\ 

pain 

phase 


MEAN 

0.45 

16.828 


ST. DEV. 

0.23 

10.713 


N 

2 

2 


SEM 

0.17 

7.58 


All controls 


|: SK477S77CS 

gain phase j 

MEAN 

0.84 

18.40 

ST. DEV. 

0.53 

12.09 

N 

20 

20 

SEM 

0.12 

2.70 
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